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The general framework of diffractive deep inelastic scattering is introduced and
reports given in the session on diffractive interactions at the International Work-
shop on Deep-Inelastic Scattering and Related Phenomena, Rome, April 1996, are
presented.
1 Introduction
Since the first observations of large rapidity gap events in deep-inelastic scat-
tering at HERA 1,2, diffractive interactions have attracted much attention. In
this Conference, 31 reports (about half theoretical and half experimental) have
been presented to the working group on diffraction, of which 15 were presented
in sessions held in common with the working groups on structure functions,
on photoproduction and on final states. Two discussion sessions were devoted
mainly to the interpretation of the inclusive measurements. Reports were also
presented on the DESY Workshop on the future of HERA 3, and on Monte
Carlo simulations of diffractive processes 4. The experimental results concern
mainly HERA, but also experiments at the Tevatron collider. The present sum-
mary consists of two parts, devoted respectively to inclusive measurements a
and to exclusive vector meson production b.
2 DDIS Inclusive Measurements
2.1 Introduction
Diffractive interactions, sketched in Fig. 1, are attributed to the exchange of
a colour singlet system, the pomeron, and are characterised by the presence in
apresented by V. Del Duca and P. Marage
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the final state of a large rapidity gap, without particle emission, between two
systems X and Y of massesMX andMY much smaller than the total hadronic
massW . The final state system Y is a proton (elastic scattering) or an excited
state of higher mass (proton dissociation).
γ
γ
Figure 1: Diffractive interaction in photo– or electroproduction γ(∗)p→ XY .
The cross section for diffractive deep inelastic scattering (DDIS) is defined
using four variables (in addition to the mass MY of the system Y ), e.g. Q
2
(the negative four-momentum squared of the exchanged photon), the Bjorken
scaling variable x, the total hadronic mass W , and the square of the pomeron
four-momentum t. It is also useful to define the variables xIP and β
xIP =
Q2 +MX
2 − t
Q2 +W 2 −Mp
2 , β =
Q2
Q2 +MX
2 − t
, (1)
which are related to x by the relation x = β · xIP .
Inclusive DIS is usually parameterised in terms of two structure functions,
Fi = Fi(x,Q
2), with i = 1, 2. DDIS needs in principle four structure functions,
which can be written in such a way that two are similar to the ones of inclusive
DIS, and the other two are the coefficients of terms proportional to the t
variable, and may be neglected since t is small5. Thus, in analogy with inclusive
DIS the cross section for DDIS is written as
d4σ(e+ p→ e+X + Y )
dxdQ2dxIP dt
=
4piα2
xQ4
[
1− y +
y2
2(1 +RD)
]
F
D(4)
2 (x,Q
2;xIP , t) ,
(2)
with y = Q2/x · s the electron energy loss, s the total (e, p) centre of mass
energy, and
RD(x,Q2;xIP , t) =
1
2x
F
D(4)
2
F
D(4)
1
− 1 . (3)
R has not been measured yet in the inclusive DIS, and RD will be set to 0 in
what follows. Therefore the diffractive cross section (2) is directly related to
2
F
D(4)
2
c. If factorization of the collinear singularities works in this case as it
does in inclusive DIS, then the diffractive structure function may be written
in terms of a parton density of the pomeron 6,
F
D(4)
2 (x,Q
2;xIP , t) =
∑
a
∫ xIP
x
dζ
dfDa/p(ζ, µ;xIP , t)
dxIP dt
Fˆ2,a
(
x
ζ
,Q2, µ
)
, (4)
with ζ the parton momentum fraction within the proton, xIP the momentum
fraction of the pomeron, µ the factorization scale, and the sum extending
over quarks and gluons; the parton structure functions Fˆ2,a are computable in
perturbative QCD. The integral of the diffractive parton density over t is the
fracture function 7
∫ 0
−∞
dt
dfDa/p(ζ, µ;xIP , t)
dxIP dt
=Mapp(ζ, µ;xIP ) . (5)
The structure function F
D(3)
2 is obtained by integration of F
D(4)
2 over the t
variable. It is thus related to the fracture function by
F
D(3)
2 (x,Q
2;xIP ) =
∑
a
∫ xIP
x
dζMapp(ζ, µ;xIP )Fˆ2,a
(
x
ζ
,Q2, µ
)
. (6)
Next, let us assume that Regge factorization holds for the diffractive parton
density, namely that it can be factorized into a flux of pomeron within the
proton and a parton density within the pomeron 8,9:
dfDa/p(ζ, µ;xIP , t)
dxIP dt
=
fpIP (xIP , t)
xIP
fa/IP
(
ζ
xIP
, µ; t
)
, (7)
with flux
fpIP (xIP , t) =
|βpIP (t)|
2
8pi2
x
1−2α(t)
IP , (8)
the pomeron-proton coupling βpIP (t) and the trajectory α(t)
d being obtained
from fits to elastic hadron-hadron cross sections at small t 5,10,
βpIP (t) = βp¯IP (t) ≃ 4.6mb
1/2 e1.9GeV
−2t , (9)
α(t) ≃ 1.08 + 0.25GeV −2 t .
cIn the theoretical literature the diffractive structure function F
D(4)
2 is often called
dFD
2
dxIP dt
.
dFor simplicity the trajectory is supposed to be linear 10, however it is also possible to
consider models with a non-linear trajectory 11.
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Substituting the diffractive parton density (7) into the structure function (4),
we obtain
F
D(4)
2 (x,Q
2;xIP , t) = fpIP (xIP , t)F
IP
2 (β,Q
2; t) , (10)
with the pomeron structure function
F IP2 (β,Q
2; t) =
∑
a
∫ 1
β
dβ′fa/IP (β
′, µ; t) Fˆ2,a
(
β
β′
, Q2, µ
)
, (11)
with β′ = ζ/xIP and β the fraction of the pomeron momentum carried by
the struck parton. When the outgoing proton momentum is measured as the
fraction xL of the incident proton momentum, one has xL ≃ 1− xIP .
Several reports at this Conference and numerous discussions dealt with the
procedures of diffractive cross section measurement, the factorisation proper-
ties of the structure function and the possibility to extract parton distributions
for the exchange system.
2.2 Cross section measurements
The H112 and ZEUS13 experiments have measured the cross section for diffrac-
tive deep inelastic scattering in the data taken in 1993, by selecting events
with a large rapidity gap in the forward part of their main calorimeters. The
non-diffractive and the proton dissociation diffractive contributions were sub-
tracted using Monte Carlo simulations. Within the limited statistics, both
experiments found that the results were compatible with a factorisation of the
structure function F
D(3)
2 of the form
F
D(3)
2 (Q
2, β, xIP ) =
1
xIP n
A(Q2, β), (12)
where the xIP dependence could be interpreted as proportional to a pomeron
flux in the proton, in agreement with eq. (10) integrated over t. The exponent
n is related to the effective pomeron trajectory by n = 2 α(t)− 1, as in eq. (8),
with α(t) given in eq. (9).
The following t averaged α¯ values were obtained by H1 and ZEUS, respec-
tively:
α¯ = 1.10± 0.03± 0.04 H1 (13)
α¯ = 1.15± 0.04 +0.04−0.07 ZEUS. (14)
4
Figure 2: ZEUS Coll. (log MX method [14]): Example of a fit for the determination of
the nondiffractive background. The solid lines show the extrapolation of the nondiffractive
background as determined from the fit of the diffractive and nondiffractive components to
the data (dotted line).
The ZEUS Collaboration has presented at this Conference a different
method to extract the diffractive contribution (1993 data) 14. The (uncor-
rected) logMX
2 distributions, in bins of Q2 and W , are parameterised as the
sum of an exponentially falling contribution at high MX , attributed to non-
diffractive interactions, and of a constant contribution at low MX , attributed
to diffraction. (see Fig. 2). With this “operational definition” of diffraction
(with MY <∼ 4 GeV/c
2), no Monte Carlo simulations are used. The W depen-
dence of the diffractive cross section gives (see Fig. 3):
α¯ = 1.23± 0.02± 0.04, β = 0.1− 0.8. (15)
The difference with the previously published result is attributed by ZEUS to
the uncertainties in the Monte Carlo procedure for background subtraction.
The ZEUS Collaboration has also presented in this Conference preliminary
results obtained with the Leading Proton Spectrometer (1994 data) 15. In this
case, the scattered proton is unambiguously tagged, and the kinematics are
reconstructed using its momentum measurement. A fit of the xIP dependence
(see Fig. 4) for 〈MX
2〉 = 100 GeV2 gives:
α¯ = 1.14± 0.04± 0.08, β = 0.04− 0.5. (16)
The ZEUS LPS has also provided the first inclusive measurement of the
5
Figure 3: ZEUS Coll. (log MX method [14]): The differential cross sections dσ
diff (γ∗p→
XN)/dMX . The inner error bars show the statistical errors and the full bars the statistical
and systematic errors added in quadrature. The curves show the results from fitting all cross
sections to the form dσdiff /dMX ∝ (W
2)(2αIP −2) with a common value of α
IP
.
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Figure 4: ZEUS Coll. (LPS data [15]): The structure function F
D(3)
2 , plotted as a function
of xIP in 5 bins in β at a central value Q
2 = 12 GeV2. The errors are statistical only. The
solid line corresponds to a fit in the form of eq. (12).
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diffractive t dependence at HERA, parameterised as
dσ
dt
∝ e−b|t|, b = 5.9± 1.3 +1.1−0.7 GeV
−2. (17)
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Figure 5: H1 Coll. [16]: (a) xIP · F
D(3)
2 (β,Q
2, xIP ) integrated over the range MY <
1.6 GeV and |t| < 1 GeV2; (b) the β dependence of n when F
D(3)
2 is fitted to the form
F
D(3)
2 = A(β,Q
2)/xIP
n(β); (c) the Q2 dependence of n when F
D(3)
2 is fitted to the form
F
D(3)
2 = A(β,Q
2)/xIP
n(Q2). The experimental errors are statistical and systematic added
in quadrature.
Finally, the H1 Collaboration has reported preliminary results on F
D(3)
2
from the 1994 data 16. The use of the forward detectors allows the selection of
events with no activity in the pseudorapidity range 3.2 < η < 7.5 (MY < 1.6
GeV/c2). With this extended kinematical domain and a tenfold increase in
8
statistics compared to the 1993 data, 43 bins in Q2 and β are defined. A clear
breaking of factorisation is observed: in the form of parameterisation (12), the
data suggest that the n exponent is independent of Q2 but they require a
definite β dependence, with α¯ ranging from ≃ 0.98 for 〈β〉 ≃ 0.1 to ≃ 1.12 for
〈β〉 >∼ 0.4 (see Fig. 5).
Experimentally, for similar values of 〈β〉, the H1 results thus favour a
smaller value of α¯ than the (logMX
2) ZEUS analysis. Detailed comparisons
and discussions between the two experiments should in the future provide more
information concerning the source of this difference.
2.3 Factorisation Breaking and Parton Distributions
The source of the factorisation breaking observed by H1 has been discussed in
several communications and during the round tables.
N. N. Nikolaev underlined particularly that the pomeron is not a particle,
and that in a QCD inspired approach, factorisation is not expected to hold 17.
The possible contribution in the selected samples of different exchanges,
in particular of pomeron and f and a2 trajectories, was particularly empha-
sised 11,17,18,19,20,21. These trajectories have different energy and thus xIP
n
dependences. They have also different partonic contents, and thus different
functions A(Q2, β) describe the interaction with the photon. Even if each con-
tribution were factorisable, their combination would thus not be expected to
allow a factorisable effective parameterisation.
However, if it is possible to select a domain where pomeron exchange
dominates, and if the factorization picture outlined in sect. 2.1 holds, it is
possible to fit the data on single hard diffraction to extract the parton densities
in the pomeron e. First we note that the pomeron, being an object with the
quantum numbers of the vacuum, has C = 1 and is isoscalar 10 f . The former
property implies that fq/IP (β) = fq¯/IP (β) for any quark q and the latter that
fu/IP (β) = fd/IP (β). Therefore it is necessary to determine only the up and
strange quark densities and the gluon density. Since the parton structure
function is,
Fˆ2,a
(
β
β′
, Q2, µ
)
= e2aδ
(
1−
β
β′
)
+O(αs) , (18)
with ea the quark charge and a running over the quark flavors, the pomeron
eIt is not clear whether the fits should be extended to data from hadron-hadron scattering
or from photoproduction because of additional factorization-breaking contributions 22.
fA C = −1 contribution would be indication of an odderon exchange 20.
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structure function (11) becomes,
F IP2 (β,Q
2; t) =
10
9
βfu/IP (β,Q
2; t) +
2
9
βfs/IP (β,Q
2; t) +O(αs) , (19)
where the gluon density contributes to the O(αs) term through the DGLAP
evolution.
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Figure 6: H1 Coll. [16]: (a) F˜D2 (β,Q
2) as a function of Q2 for different β values. The
superimposed lines correspond to the best fit to a linear dependence on lnQ2 (continuous)
and ±1σ (dashed); (b) F˜D2 (β,Q
2) as a function of β for different Q2 values, with a best fit
to a constant β dependence; (c) DGLAP QCD comparison of the (β,Q2) dependence of F˜D2
assuming only quarks at the starting scale of Q20 = 2.5GeV
2; (d) DGLAP QCD comparison
of the (β,Q2) dependence of F˜D2 assuming both quarks and gluons at the starting scale.
The H1 Collaboration has studied the evolution of the structure function
F
D(3)
2 , integrated over xIP in the range 0.0003 < xIP < 0.05 (in practice, most
of the data are for xIP < 0.02):
F˜D2 (Q
2, β) =
∫
F
D(3)
2 (Q
2, β, xIP ) dxIP . (20)
It is observed (see Fig. 6) that F˜D2 (Q
2, β) shows no β dependence at fixed
Q2 but increases with Q2 for fixed β values, up to large β. If interpreted in
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a partonic framework, this behaviour, strinkingly different of that of ordinary
hadrons, is suggestive of an important gluonic contribution at large β.
More specifically, the H1 Collaboration assumed the possibility to perform
a QCD analysis of this evolution of F˜D2 using the DGLAP equations (with no
inhomogeneous term) to extract parton densities in the exchange. At Q2 =
5 GeV2, a leading gluon component is obtained. When the corresponding
parton densities are input in Monte Carlo simulations of exclusive processes
(sect. 2.4), consistent results are obtained 23,24,25.
This procedure was discussed during the round tables and in several contri-
butions. In the absence of factorisation theorems (see 26), it can be questioned
whether the parton distribution functions are universal, and whether they obey
a DGLAP evolution. A specific problem, due to the fact that the pomeron is
not a particle, is that momentum sum rules need not be valid. However, it
was noticed that the contribution of several Regge trajectories may not affect
the validity of a common QCD-DGLAP evolution, in so far as these exchanges
can all be given a partonic interpretation 21.
On the other hand, it was also argued 17,27 that, even if one accepts the
concept of parton density functions in the diffractive exchange, the DGLAP
evolution should not be valid at high β, because of charm threshold effects
and because of the specific and different Q2 evolutions of the longitudinal and
transverse contributions.
2.4 Parton Distributions and Jet Production
Jet production in diffractive interactions has yielded the first hint of a partonic
structure of the pomeron 8. We have seen in sect. 2.3 how the quark densities
may be directly related to the pomeron structure function. The gluon density
may also be directly measured by using data on diffractive charm or jet produc-
tion. For the latter, the final state of the hard scattering jet1+jet2+X consists
at the lowest order O(αs) of two partons only, generated in quark-exchange
and Compton-scattering diagrams for quark-initiated hard processes, and in
photon-gluon fusion diagrams for the gluon-initiated ones. The parton mo-
mentum fraction x in the proton may be computed from the jet kinematic
variables, x = (E/P 0) exp(2η¯), with E and P 0 the electron and proton ener-
gies and η¯ = (ηj1+ηj2)/2 the rapidity boost of the jet system. The momentum
fraction xIP may be obtained from the invariant mass of the system recoiling
against the proton, xIP ≃M
2
ej1j2
/s. If we neglect the strange quark density g,
the data on FD2 and diffractive jet production suffice to measure the parton
gThe strange quark density might be measured adding to the fit data on charged-current
charm production in DDIS 5.
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densities in the pomeron, and may be used to link the value of the momentum
sum,
∑
a
∫ 1
0
dxxfa/IP (x), to the gluon content of the pomeron
28.
On the other hand, if the gluon density is determined from FD2 alone,
as outlined in sect. 2.3, one can make predictions for the data on diffractive
charm or jet production. Indeed, using the data on FD2 and the Monte Carlo
RAPGAP 29, based on the factorization (10), the H1 Collaboration 16 finds
that the parton densities fa/IP are dominated by a very hard gluon
h (sect. 2.3).
Having measured the densities fa/IP , the H1 Collaboration
23 finds that the jet
rapidity and transverse momentum distributions in diffractive dijet production
are in good agreement with the prediction from RAPGAP. In addition, the data
on energy flow in diffractive photoproduction also seem to support a gluon-
dominated structure of the pomeron 24.
Besides, by examining the thrust we may probe the amount of gluon ra-
diation in diffractive dijet production. The thrust axis is defined as the axis
in the parton center-of-mass system along which the energy flow is maximal.
The value of the thrust, T , then measures the fraction of energy along this
axis. For a back-to-back dijet event T = 1; so the amount by which T differs
from unity gives an indication on the amount of emitted gluon radiation. The
data 25 shows indeed the presence of hard gluon radiation, the thrust being
even smaller than in dijet production in e+e− annihilation.
Finally, we mention several angular-correlation analyses recently proposed.
Namely, the azimuthal-angle distribution in diffractive dijet production 27; the
final-state electron-proton azimuthal-angle distribution in the lab frame 31;
the azimuthal-angle distribution of the initial electron in the photon-proton
frame 32. The respective measurements, if carried out, should allow to further
probe the pomeron structure, and to discriminate between different models.
2.5 Other Measurements
In addition to these diffractive DIS measurements, the HERA Collaborations
also contributed reports on several other topics.
The H1 Collaboration presented results on diffraction in photoproduc-
tion 16, with a measurement of its decomposition in vector meson production,
photon dissociation, proton dissociation and double dissociation. In particular,
the MX distribution is consistent with soft pomeron exchange.
The ZEUS experiment reported the observation of a charged current diffrac-
tive candidate event in the 1994 data 33, and discussed the design of a special
trigger used in the 1995 data taking.
hThere are models 22,30 which predicted the dominance of a single hard gluon. In these
models the color is neutralized by the exchange of one or more soft gluons.
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ZEUS also presented the observation of DIS events with a high energy
neutron produced at very small angle with respect to the proton direction,
detected in their neutron counter34. These events, attributed to pion exchange,
account for about 10% of the total DIS rate, independent of x and Q2.
Finally, the E665 muon experiment at Fermilab reported on the ratio of
diffractive to inelastic scattering 35.
3 Exclusive Vector Meson Production
3.1 Introduction
Exclusive vector mesons production at HERAi is a very interesting process to
study the transition from a non-perturbative description of the pomeron, the
’soft’ pomeron, to the hard perturbative pomeron.
The process that we study is shown in figure 7a and corresponds to the
reaction
ep→ eV N, (21)
where V is a vector meson (ρ, ω, φ, ρ′, J/ψ, ...) and N is either the final state
proton which remains intact in the interaction (elastic production) or an ex-
cited state in case of proton dissociation.
The cross section for the elastic process has been calculated by several
authors. In the ’soft’ pomeron picture of Donnachie-Landshoff 36, the photon
fluctuates into a qq¯ pair, which then interacts with the proton by exchanging
a pomeron. The cross section σ(γp→ V p) is expected to increase slowly with
the γp center of mass energy W ; the exponential dependence on t, the square
of the four momentum transfer at the proton vertex, is expected to become
steeper as W increases (shrinkage).
In models 37,38,39 based on perturbative QCD, the pomeron is treated as a
perturbative two-gluon system: the cross section is then related to the square of
the gluon density in the proton and a strong dependence of the cross section on
W is expected. The prediction, taking into account the HERA measurements
of the gluon density at low xBjorken, is that the cross section should have at low
x a dependence of the typeW 0.8−0.9. In order to be able to apply perturbative
QCD, a ’hard’ scale has to be present in the process. The scales involved in
process (21) are the mass of the quarks in the vector meson V , the photon
virtuality Q2 and t.
In the following we summarize results on vector meson production obtained
by the H1 and ZEUS Collaborations at HERA, in the energy range W =
40 − 150 GeV, starting from Q2 ≃ 0 and increasing the scales in the process.
iCombined session with Working Group 2, on Photoproduction Interactions.
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We also review results at high t, which were presented for the first time at
this conference. Results on vector meson production with diffractive proton
dissociation events were also discussed.
3.2 Vector mesons at Q2 ≃ 0
Elastic vector meson production at Q2 ≃ 0 has been studied by both Collab-
orations 40,41. The cross section for ρ, ω, φ, J/ψ production is plotted versus
W in fig. 7b (from 44, where the results obtained at HERA (W = 50 − 200
GeV) are compared to those of fixed target experiments (W ≃ 10 GeV). At
Q2 ≃ 0, the cross section is mainly due to transversely polarized photons. The
Donnachie-Landshoff model (DL), where one expects for the σ(γp)→ V p cross
section a dependence of the type ≃ W 0.22, reproduces the energy dependence
for the light vector mesons (see lines in the figure). In the same way the de-
pendence of the total photoproduction cross section is well reproduced by the
soft pomeron model 18 (see figure). In contrast, this model fails to describe
the strong W dependence observed in the J/ψ data. Note that this steep W
dependence, σ(γp → V p) ≃ W 0.8, is implied even within the restricted W
range covered by the HERA data alone. In this case the hard scale is provided
by the charm mass.
Elastic J/ψ production is a very important process to determine the gluon
density in the proton, as the cross section is proportional to the square of
this density. The gluon density can be measured in the range 5× 10−4 < x ≃
(m2
V
+Q2+|t|)
W 2 < 5×10
−3. An improved calculation for this process was presented
42: although the normalization of the cross section is known theoretically with
a precision of 30%, the shape of theW dependence is very sensitive to different
parton density parametrizations in the proton. Open charm production is also
a very sensitive probe of the gluon density, and the perturbative calculation
has no ambiguities in the normalization; however it is experimentally more
difficult.
3.3 Vector mesons at high Q2
Results on vector meson production at high Q2 have been presented by H1 43.
The cross section for the process (γ∗p→ ρp) with the H1 1994 data is shown in
fig. 8a, together with the ZEUS 1993 results45, in the γ∗p centre of mass energy
W of 40 to 140 GeV, and at Q2 = 10, 20 GeV2. At these values of Q2, the
σ(γ∗p → V p) cross section is dominated by longitudinally polarized photons.
Comparing the H1 data to the NMC data at W ≃ 10 GeV, a dependence of
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Figure 7: (a) Feynman graph of vector meson production at HERA; (b) Cross section versus
W for vector meson production at Q2 ≃ 0, t ≃ 0.
the type σ ≃W 0.6 at Q2 = 10 GeV2 for the the cross section is obtained. The
t dependence of the reaction γ∗p → ρp for |t| < 0.5 GeV2 is well reproduced
by an an exponential distribution exp(−b|t|), with b ≃ 7 GeV−2 (see table 1).
In the framework of Regge theory, the shrinkage of the elastic peak can be
written as b(W 2) = b(W 2 = W 20 ) + 2α
′ ln(W 2/W 20 ), where α
′ is the slope of
the pomeron trajectory. Comparing the H1 1994 data with the NMC data,
the parameter α′ which is obtained is in agreement with that expected from a
soft pomeron trajectory (α′ = 0.25 GeV−2). The H1 1994 and the ZEUS 1993
data are compatible within the errors, however while the H1 ρ data suggest
that we are in a transition region between soft and hard processes, the ZEUS
1993 data show a stronger W dependence for the cross section when compared
to NMC (σ ≃W 0.8), and a flatter t distribution, b ≃ 5 GeV−2 (tab. 1). These
two last results suggest a hard pomeron exchange. More data will allow to
reduce the uncertainties due to the non resonant background, to the proton
dissociation background and to study the W dependence in the region covered
by the HERA data alone.
The ratio of the dissociative over elastic ρ cross section was measured 43 to
be 0.59± 0.12± 0.12, with no significant Q2 dependence (in the range between
8 and 36 GeV2) or W dependence (in the range between 60 and 180 GeV).
J/ψ production was presented by both collaborations 43,46: while the ratio
of the cross sections σ(J/Ψ)/σ(ρ) is of the order of 10−3 − 10−2 at Q2 ≃ 0,
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Figure 8: Cross section versus W for vector meson production at Q2 ≃ 0 and at high Q2,
for ρ (a) and J/Ψ (b) production.
this ratio becomes close to 1 at Q2 > 10 GeV2 (see figs 8a and 8b, from 44), as
predicted by perturbative QCD 47.
3.4 Vector mesons at high |t|
The installation in 1995 of a new detector 48 in the ZEUS experiment at 44 m
from the interaction point in the direction of the outgoing positron, allowed
to tag the scattered positron and to access vector mesons at Q2 < 0.01 GeV2,
1 < |t| < 4.5 GeV2 and in the W range 80 < W < 100 GeV. About 600
ρ candidates and 80 φ candidates were found: from Monte Carlo studies it
was seen that at t > 1 GeV2, the main contribution is proton dissociative
production. The ratio of the cross sections σ(φ)/σ(ρ) was measured in two
ranges of t (1.2 < |t| < 2 GeV2, 2 < |t| < 4.5 GeV2), and was found to be
0.16± 0.025(stat.)± 0.02(sys.) and 0.18± 0.05(stat.)± 0.04(sys.) respectively,
close to the value of 2/9 predicted by SU(3) flavour symmetry. This value is
significantly higher than the value obtained at t ≃ 0, Q2 ≃ 0 and is instead
compatible with the value obtained 43,49 at Q2 ≃ 12 GeV2, suggesting that at
high |t| perturbative QCD plays an important role. Vector meson production
at high |t| has been suggested50 as a very nice field to study the hard pomeron,
since the cross sections are calculable in pQCD.
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Table 1: Results on the value b (in GeV−2) fitted to the exponential t distributions for elastic
and proton dissociation vector meson production at HERA. The first error is the statistical,
the second error is the systematic one.
b(H1) b(ZEUS)
Q2 = 0, |t| < 0.5 GeV2, elastic ρ 10.9± 2.4± 1.1 9.9± 1.2± 1.4
Q2 = 0, 0.07 < |t| < 0.4 GeV2 9.6± 0.8± 1.2 (LPS)
Q2 = 0, |t| < 0.5 GeV2, elastic ω 10.6 ± 1.1± 1.4
Q2 = 0, |t| < 0.5 GeV2, elastic φ 7.3± 1.0± 0.8
Q2 = 0, |t| < 1 GeV2, elastic J/Ψ 4.0± 0.2± 0.2
Q2 ≃ 10, |t| < 0.5 GeV2, elastic ρ 7.0± 0.8± 0.6 5.1+1.2
−0.9 ± 1.0
Q2 ≃ 10, |t| < 0.8 GeV2, elastic J/Ψ b = 3.8± 1.2+2.0
−1.6
Q2 = 0, 0.04 < |t| < 0.45 GeV2, p-dissociation ρ 5.3± 0.8± 1.1 (LPS)
Q2 = 10, |t| < 0.8 GeV2, p-dissociation ρ 2.1± 0.7± 0.4
Q2 = 10, |t| < 1 GeV2, p-dissociation J/Ψ 1.6± 0.3± 0.1
Q2 = 0, 1 < |t| < 4.5 GeV2 , p-dissociation ρ ≃ 2.5
3.5 Outlook
A summary of the t slopes presented at this conference is given in table 1. The
results marked with LPS were obtained using the ZEUS Leading Proton Spec-
trometer 40, which detects the scattered proton and measures its momentum;
the LPS allows to tag a clean sample of elastic events and to measure t directly.
The parameter b is proportional, in diffractive processes, to the square of the
radius of the interaction, which decreases with the mass of the quark or the
photon virtuality, as confirmed by the results in the table. Note that the result
in inclusive diffractive deep inelastic events obtained by the ZEUS experiment
using the LPS is b = 5.9± 1.3+1.1−0.7 GeV
−2, for a mean value of the mass of the
final hadronic system of 10 GeV 15. Also results in proton dissociation events
were presented at this conference. In ρ0 photoproduction events with proton
dissociation, the exponential slope is b ≃ 5 GeV−2 at t ≃ 0 40 and becomes
flatter, b ≃ 2.5 GeV−2, at high |t| 48.
In summary, vector meson production at HERA is a rich field for studying
the interplay between soft and hard interactions in diffractive processes. More
luminosity and the forward proton spectrometers installed in both the H1 and
ZEUS experiments will allow to make more precise measurements.
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